Convergence study is related to several crucial issues. One of those problems is an individual character of every region in the selected area, as the regions established accordingly to the European classification system NUTS-2 are not homogeneous. Therefore, while analysing convergence in the European Union, regions with extremely dissimilar characteristics (for example GDP per capita) are taken under consideration. Absolute β-convergence means that all of the investigated regions tend to the same level of economic growth. Thus, among the regions with highly differential amounts of the examined variables the convergence hypothesis can be rejected. Due to the heterogeneity in the conducted investigation a classification based on the composite index will be used so that the convergence clubs could be established. Several approaches to convergence will be used according to those regimes. Moreover, there will be an attempt to indicate the determinants that differentiate the selected regions, such as: expenditure on R&D, HRST, quantity of patents, employment, participation of people in tertiary education among all employees. This will allow the analysis of conditional β-convergence to be conducted. In the investigation some methods and models offered by the spatial statistics and econometrics will be used. There are empirical proofs that geographical location has a great impact on the processes of economic growth. Consequently, spatial dependencies will be analysed as well.
Introduction
Regional growth and convergence are issues that attract a great deal of attention. Research on this topic is developing in different directions, with β-convergence phenomenon being one of them.
The neoclassical growth theory assumes that economies with initially low level of development tend to have faster productivity growth, due to diminishing returns on capital. In other words, regions with initial position of a relatively high capitallabour ratio tend to grow relatively slower than economies with low ratio. That induces that low technology regions are able to converge to the steady-state (Fingleton, 2001, p. 117) . At its simplest, the convergence phenomenon connected with the neoclassical growth theory implies elimination of dissimilarity between investigated economies. Taking region differences under consideration leads to the expanded convergence model, which accommodates the existence of regionally differentiated steady-state. That leads to conditional convergence, where regions converge to their specific steady-states rather than to one common steady-state level.
Among the absolute convergence studies, the following works can be mentioned: Baumol W. J. (1986) , De Long J. B. (1988) . Conditional convergence was investigated in Mankiw N. G., Romer D., Weil D. N. (1992) , Barro R. J., Salai-Martin X. X. (1992) .
Apart from the diminishing returns of scale impact on the convergence phenomenon, there are also additional forces that lead regions to their steady-states. Those forces are connected with spatial or regional interactions among investigated economies. Spatial interactions in growth and convergence investigations are conspicuously absent in most empirical convergence investigations. However, the literature on spatial econometrics emphasizes that spatial interactions are crucial in growth and convergence understanding. Those models should acknowledge that changes in one region are able to spill over into other regions. It leads to conclusions that the dynamics of steady-state is affected by interregional interdependencies. Such understanding of convergence can be found, e.g. in: Abreu, M., de Groot, H. L. F., Florax, R. J. G. M. (2005), Rey, S. J., Janikas (2005), Ertur, C., Koch, W. (2007) , Fingleton, B., López-Bazo, E. (2006) .
The purpose of this investigation is to answer the question whether the phenomenon of convergence of per capita GDP occurs in the area of the European Union countries. Moreover, convergence clubs are established to investigate if convergence has a global or a local character. Convergence clubs are connected with the fact that regions are not strictly homogenous.
The structure of the other part of the paper is as following: in section 1 the subject and the range of investigation is specified. Section 2 briefly characterizes the data used in the investigation and the preliminary analysis. Section 3 presents methodology, including theoretical β-convergence models for cross-section and spatio-temporal regressions, and also points diagnostic statistic tests. In section 4 the results of the investigation are presented. Section 5 presents conclusions and further investigation directions.
Subject and range of investigation
According to regional and spatial interactions relevance mentioned above, the main hypothesis of investigation is that spatial dependencies are crucial in investigating the convergence phenomenon. During the investigation several questions will be answered: 1. How to establish convergence clubs, which will include homogenous regions? 2. What is the relation between the type of convergence (absolute or conditional) and the value of speed of convergence and half-life? 3. Does the approach in convergence investigation (global or local) affect the time in which economies reach the same level of development, understood as per capita GDP growth rate? 4. How can the problem of omitted variables in conditional convergence study be solved? To achieve the aim mentioned in the introduction it will be demonstrated that empirical spatial models of convergence for cross-section data have better statistical characteristics than the ones that ignore the spatial dependencies among regions. It will be also shown that those models allow more precise economic interpretation of parameters. Empirical models are used for the hypothesis verification that the location of the region towards other regions has crucial impact for growth rate in this region.
Data
In the investigation the values of per capita GDP were used. The data refer to the period of [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] . The spatial range of the investigation consists of 249 regions of NUTS-2 classification of the European Union countries.
Besides per capita GDP, some other variables were used in the investigation. Conditional convergence estimation was based on the following variables: general expenditures on R&D (GERD), human resources in science & technology (HRST), participation of people with tertiary education among all employees. Figure 1 presents the spatial density of the above mentioned variables. It is visible on the maps that the established area is not a homogenous group of spatial units, therefore it is reasonable to consider clubs of convergence. 
Methodology
The classical approach to β-convergence analysis assumes that initial values of per capita GDP are negatively correlated with growth rates. The linear models using data in cross-section take the forms: 1. absolute convergence:
2. conditional convergence:
where: -convergence parameter; when it is negative and statistically significant, the convergence phenomenon is observed, -value of m th characteristic of region .
In the conditional convergence model, additional variables inform about special characteristics of regions.
While analysing convergence, spatial approach is advisable. So far, the tools and methods offered by spatial econometrics have been rarely used. Yet in the spatial literature it is strongly pointed that in growth investigations spatial connections cannot be obtained.
The essential element in spatial models is the connectivity matrix, usually marked as W. This matrix defines the structure of the spatial connections among spatial units (neighbourhood based on a common border). The matrix has as many rows and columns as there are spatial units. W is given as:
Each element of the matrix is non-zero for pairs of regions which are neighbours. Because a region cannot be its own neighbour, element = 0 for = .
Spatial dependencies can be provided by using one of following models: spatial autoregressive model or spatial error model. Those models take the following forms: 1. spatial autoregressive model (SAR): 1) absolute convergence:
2) conditional convergence:
2. spatial error model (SEM): 1) absolute convergence:
When parameters ρ or λ are significant it indicates that spatial dependencies are crucial in the estimated model.
For the verification of estimated models several diagnostics tests were used: 1. the Moran test (Moran's I) -for the consideration of the 1st order spatial autocorrelation of per capita GDP in the established area and for spatial independence of residuals of the β-convergence models, 2. the Lagrange Multiplier tests (LMlag, LMerr) and their robust versions (RLMlag, RLMerr) as spatial dependence diagnostics, 3. the Likelihood Ratio test (LR) for testing the significance of the spatial dependence.
In the conducted investigation the division for convergence clubs was based on the values of the composite index. Stimulants used to calculate the index were the following: general expenditure on R&D, human resources in science & technology, participation of people with tertiary education among all employees and per capita GDP.
Results of empirical analysis
The convergence hypothesis was investigated with the use of two approaches. Firstly, the whole selected area was considered. Secondly, spatial regimes were identified and club convergence was considered.
European Union regions
The first stage in β-convergence investigation was founded on spatial trend surface analysis. -2011 Spatial trend analysis was followed by the estimation of econometric models presented in Section 3. Convergence was investigated using the absolute and conditional approach, respectively. Table 1 contains the results of the estimation and verification for the models mentioned above. The convergence parameter (β) is negative and statistically significant in every estimated model. This confirms our preliminary conclusions based on the scatterplots. Diagnostics for the linear models (absolute and conditional) are unsatisfying. In both classical models spatial residuals autocorrelation appears. Also Lagrange Multipliers inform that spatial dependencies must not be omitted. So, linear models cannot be treated as the final tools to verify the convergence phenomenon hypothesis. Therefore, models with spatial dependencies are proposed (SAR and SE). In the models augmented with connectivity, matrix residuals have better characteristics -spatial autocorrelation is eliminated. Robust Lagrange Multipliers inform that SAR model should be applied.
Regimes based on composite index
Originally, convergence clubs were supposed to be determined by the values of the composite index. So, regimes presented in Figure 3 consist of regions with similar values of the index (classification based on the mean value and standard deviation of the composite index). Group 1 includes economies with the lowest values of the index, whereas group 4 the ones with the highest values.
Figure 3. Composite index regimes
One significant issue is strictly connected to the appointed division. For the proposed connectivity matrix (based on a common border) spatial coherence should be maintained. This assumption is not fulfilled as it can be noticed on the map above (Figure 3) . So, for those regimes only the classical models (without spatial dependencies) were estimated.
The results are presented in Table 2 . β parameter in every model is negative and statistically significant. Absolute magnitude of convergence parameter in each pair of models is higher for the conditional approach than for the absolute. Although clubs are incoherent, Moran I statistics inform that spatial dependencies should be included in estimation, which confirms that none of economies is independent from its neighbours. 
Spatio-composite regimes
In order to obtain spatial coherence, the modification of the prior division was introduced. As a result three regimes were established, as shown on Figure 4 . For those groups of regions the classical models were estimated as well as the spatial models.
Figure 4. Spatio-composite regimes
For each regime, the analysis of trends and all proposed models was conducted. The spatial trends of per capita GDP in the initial year and of growth rate in regime 1 are presented in Figure 5 . The negative correlation between those two processes is noticeable, therefore it can be preliminary concluded that convergence occurs. The estimated models are included in Table 3 . In accordance with the initial conclusion β-convergence occurs in this regime. Moran statistics for linear classical models inform about the non-existence of spatial autocorrelation. It is confirmed by Lagrange Multiplier. A lack of spatial dependencies can be a consequence of regions selected to this regimes and the structure of their neighbourhood. As a result spatial parameters are not statistically significant. The analogous analysis was conducted for regime 2. Figure 6 presents trend surfaces. In this case, the negative correlation is also noticeable. The results for regime 3 are not unambiguous. However, for the classical models the convergence parameters are negative and significant, the values of Moran I and Lagrange Multiplier suggest that spatial dependencies should be introduced to estimation. After the connectivity matrix has been added to the models, β parameters are positive, which can suggest that divergence can be observed in the established area. For the purpose of comparing the prior results, the speed of convergence and half-life for the whole area were calculated, and the regimes established by the spatio-composite approach. Those measures are presented in Table 6 . Excluding regime 3 some successive conclusions can be deduced. The values of half-life are lower for the conditional models than for the absolute ones -because they include specific region characteristics. In general, the time of reducing the differences of per capita GDP is longer in models containing spatial dependencies. 
Conclusions
As it has been shown, the trend surface analysis is helpful for initial conclusions if convergence occurs. The convergence phenomenon is strictly connected to the time and the spatial range of the investigation -for the presented area and regimes the convergence hypothesis was not confirmed in every case. However, it is noticeable that the speed of convergence is higher for clubs of regions than for the whole selected area. Regimes are more homogenous groups (except for club 3), therefore the equalization of the economic development can be of a faster pace. The spatial dependencies were not significant in each of the cases considered, but omitting them could result in spatial autocorrelation of residuals. The time of reducing the differences in the levels of GDP is shorter for the non-spatial models.
The direction for further investigations: dividing regime 3 because of its heterogeneity and diversity of the composite index; analyses with panel data models -changes through investigated period will be exploited; introducing individual fixed effects or Spatial Durbin Model (proposed solutions for omitted variables).
